Acid-tolerant yeasts often inhabit extremely acidic environments: mine drainages, hot springs, and even fermented foods. Some of them also possess the ability to neutralize acidic media. However, the examples of these yeasts that are already known were isolated from acidic environments. In this study, the isolation of acid-tolerant yeasts from natural neutral aquatic environments and the identification of yeasts able to neutralize an acidic medium (acid-neutralizing yeast) in Japan were carried out. Various kinds of acid-tolerant and acid-neutralizing yeasts were obtained. In a neutralizing test using an acidic casamino acid solution adjusted to a pH of 4.0 with sulfuric acid, the obtained acid-neutralizing yeasts elevated the pH to approximately 7.0, and their neutralizing abilities were similar to those of previously reported yeasts that had been isolated from acidic environments. These results showed that acid-tolerant yeasts and acid-neutralizing yeasts exist widely in neutral environments, and little difference was found in the neutralizing abilities of yeasts obtained from neutral environments in comparison to those obtained from acidic environments.
Introduction
Extremophiles are organisms that thrive in extreme environments such as extremely high or low temperature, high pressure, high salinity, and high or low DOI: 10.4236/aim.2017. 712068 888 Advances in Microbiology pH [1] . For instance, Thermus aquaticus, a bacterium isolated from Mushroom Spring in Yellowstone National Park, flourishes at 70˚C [2] . Halobacteroides halobius is a bacterium isolated from Dead Sea sediment which requires high NaCl concentrations (between 1.4 and 2.8 mol/l) for growth [3] , and Sulfolobus tokodaii is an archaeon that thrives at pH 2.5 -3, and furthermore at 80˚C [4] .
Many species of archaea and bacteria are known as extremophiles, but the taxonomic range spans all three domains [1] .
In this study, we focused on eukaryotes that can inhabit acidic environments.
Some previous studies reported that a variety of eukaryotes exist in extreme acidic environments, not only prokaryotes. For instance, Klebsormidium and Dunaliella, which are algae, have been isolated from acidic rivers [5] . Additionally, several types of yeast present in acidic environments have also been extensively investigated, e.g., Rhodotorula glutinis [6] and Candida multosa [7] . Moreover, we found that both Candida fluviatilis CeA16 and Cryptococcous sp.
T1 were acid-tolerant yeasts and had the ability to neutralize acidic media by decomposing amino acids to release ammonium ions [8] [9] . While the mechanisms of acid-tolerant bacteria have been well investigated [10] , the mechanisms by which yeasts neutralize acidic environments remain unclear.
The yeasts already known to be capable of thriving in and neutralizing acidic environments were isolated only from extreme acidic environments. To our knowledge, there has been no report of such yeasts being isolated from a neutral natural environment. In this study, we identified various types of acid-tolerant yeasts that possess the ability to neutralize an acidic medium in neutral aquatic environments and characterized their abilities.
Materials and Methods

Collection of Environmental Samples
From April 2016 to June 2017, we collected water and sediment samples from various water environments, namely two locations around Tokyo University of Marine Science and Technology, in Tokyo, and 12 locations in Yokohama, Kanagawa prefecture, Japan. All the samples were collected in sterile tubes, and the pH value of each sample was measured. As for the sediment sample, a small amount of distilled water was added and the sample was vortexed, then the pH value was measured. The samples were carried and stored at low temperatures in our laboratory at Tokyo University of Marine Science and Technology.
Medium Culture
For cultivation, we used an R2A medium and a YPD medium. 
Isolation of Acid-Tolerance Yeast Strains
For the isolation of yeasts, we first used both R2A (1) To isolate acid-tolerant yeasts, the obtained colonies were inoculated into acidic R2A (2) medium (R2A solid medium adjusted to pH 3.0 with sulfuric acid) or acidic YPD (2) medium (YPD solid medium adjusted to pH 3.0 with sulfuric acid) and then incubated at 25˚C.
Colonies formed on acidic solid medium were removed and inoculated into R2A (3) medium (R2A plate medium adjusted to pH 3.0 with sulfuric acid which contained 0.02% bromocresol purple, which is yellow in acidic conditions and purple in neutral and basic conditions). After several days' incubation at 25˚C, we separated the yeasts that were capable of neutralizing acid (hereafter referred to as acid-neutralizing yeasts) by observing the change of the medium color from yellow to purple.
Yeast Identification
The yeasts inoculated on YPD (1) medium formed colonies that were over 2 cm in diameter (giant colonies) after several days' incubation at 25˚C. First, we dis- 
Neutralization of Casamino Acid Solution at pH 4.0
To investigate the neutralization ability of the yeasts, we carried out a neutralization test using the isolated acid-neutralizing yeasts. The yeasts were precultured at 25˚C for 48 h in 10 mL of R2A liquid medium at pH 4.0 with shaking. The yeast pellet obtained by the centrifugation at 3000 rpm was washed three times with saline adjusted to pH 4.0 with sulfuric acid. The washed pellet was added to 10 mL of 0.5% (w/v) casamino acid solution adjusted to pH 4.0 with sulfuric acid, and incubated at 25˚C for 72 h with shaking. We prepared four same 10 ml samples. One of them was picked up and centrifuged at 3000 rpm, and the pH value of the supernatant was then measured every 24 h.
Results
Yeast Isolation and Identification
A total of 177 yeast-like strains were obtained from all water and sediment samples. Forty-six strains changed the color of the R2A (2) medium containing a pH indicator from yellow to purple (an example of the change of color is shown in Figure 1 ). As a result of the microscopic observation, 12 bacteria-like strains were excluded, and 34 yeast-like strains were finally isolated as acid-neutralizing yeasts. Figure 2 shows micrograph examples of acid-neutralizing yeasts. With these 34 strains, we performed giant colony observation to distinguish their species. After that, when species that greatly resembled other species were excluded, 26 strains were identified, and the results are shown in Table 1 and Table 2 . As a result, four strains (r-w2, r-w3, r-w4, and fi-m10) showed sequences identical h with shaking, a portion of the medium was observed with an optical microscope. to Aureobasidium pullulans. The strains h-m7, so-w34, and n-w33 were found to be Candida parapsilosis, C. cylindracea, and C. oleophila, respectively, and two strains (h-m8 and om-w46) were found to be Candida sp. Two strains (ko-w20, om-w42) were Cryptococcus sp. and two strains (m-m25 and n-w28) were Cryptococcus flavescens. Two strains (si-w12 and n-w29) were Rhodotorula sp. Strain mi-w17 was Hannaella pagnoccae, and strain sm-w38 was H. coprosmae. Strain sm-w37 was found to be Pseudozyma antarctica, and sm-w39 was P. tsukubaensis. Strains mi-w16, si-w13, om-41, om-w44, sm-w40, ks-w31, and mr-w1 were Filobasidium magnum, Leucosporidium golubevii, Auriculibuller sp., Papiliotrema flavescens, Microbotryozyma collariae, Bullera alba, and Meyerozyma guilliermondii, respectively. The phylogenetic tree of these species was constructed on the 26s rRNA sequences by the maximum likelihood algorithm in MEGA version 6.06, as shown in Figure 3 . Advances in Microbiology Figure 3 . Phylogenetic tree of isolated acid-neutralizing yeasts. The phylogenetic tree was constructed in MEGA version 6.06 using the maximum likelihood method with a 1000 replicate bootstrap resampling.
Neutralization of Casamino Acid Solution
Among the 26 identified strains, 10 strains (h-m7, ko-w20, ks-w31, m-m25, mi-w16, mi-w17, n-w29, r-w2, r-w3, and si-w13) changed the color of R2A (2) medium faster than the others. With these 10 strains, we performed neutralizing tests using casamino acid solution adjusted to pH 4.0 with sulfuric acid, and the results are shown in Figure 4 . All strains elevated the pH from 4.0 to approximately 7.5 after 24 h, and from 24 h to 72 h the pH increased gradually up to approximately 8.0.
Discussion
In this study, we isolated 26 acid-neutralizing yeasts which exhibited acid tolerance and the ability to neutralize acidic R2A (2) medium from 14 natural neutral aquatic locations in Tokyo and Yokohama, Kanagawa prefecture, Japan. These 26 isolates were identified. Using 10 strains that rapidly changed the color of R2A (2) medium containing bromocresol purple from yellow to purple, we Figure 4 . Neutralization of casamino acid solutions by the 10 isolated acid-neutralizing yeasts. Each strain was precultured at 25˚C for 48 h in 10 mL of R2A liquid medium at pH 4.0 with shaking. After the yeast pellet was obtained by centrifugation and washed three times, the washed pellet was added to 10 mL of 0.5% (w/v) casamino acid solution at pH 4.0, and incubated at 25˚C for 72 h with shaking. Four same samples were prepared, and one of them was collected every 24 h. After centrifugation at 3000 rpm, the pH value of the supernatant was measured. In previous reports, yeast strains identified as C. fluviatilis [11] [12], C. intermedia [12] , and R. glutinis [6] were isolated from various extreme acidic environments, and some of them had the ability to neutralize acidic media (pH 2.5 -3.0) [6] [12] . However, there have been no reports of the isolation of acid-neutralizing yeast from a neutral aquatic environment. Table 1 and Table 2 show the results of the identification of 26 isolated acid-neutralizing yeasts and also show the pH and temperature of each sampling area. Various species were obtained, and it is assumed that acid-neutralizing yeasts exist not only in acidic environments but also in neutral environments. Figure 3 shows the phylogenetic tree of isolated acid-neutralizing yeasts. Many strains were identified as Cryptococcus sp. and Candida sp. Furthermore, the figure shows wide variation in species in the identification results. In particular, the 26S rRNA sequence of strain ko-w20 (isolated from Kodomo Shizen Park, Yokohama) showed 100% identity with that of Cryptococcus sp. strain T1, which is an acid-neutralizing yeast isolated from Lake Tazawa, an acidic lake in Japan [9] . Furthermore, 22 strains were obtained from water samples and four strains were isolated from sediments; this indicates that water environments are the major habitat of acid-neutralizing yeasts.
As a result of the neutralizing test, 10 strains (strain m-m25 was from sediment, while the nine other strains were from water) elevated the pH from 4.0 to approximately 8.0 after 72 h (Figure 4 ). In the acid-tolerant yeast isolation step (as mentioned above in Section 2.3), we used R2A (2) medium, whose pH is 3.0, but we used pH 4.0 casamino acid solution in the neutralizing test. We did so because some strains had not neutralized pH 3.0 casamino acid solution (data not shown), so for a comparison of the neutralizing ability we chose pH 4.0 solution. There were no significant differences in the neutralizing ability among these strains, and the level of pH increase was similar to the result of the same test using C. fluviatilis strain CeA16, which was isolated from an extremely acidic river and was found to be capable of neutralizing acid in prior research [8] .
These results might indicate that the ability of acid-neutralizing yeasts to neutralize acidic casamino acid solution is approximately equal regardless of the pH value of the location they were isolated from. In the same research [8] , the neutralizing test with C. fluviatilis strain CeA16 showed a decrease in the amino acid concentration and an increase in the ammonium ion concentration in an acidic casamino acid solution as the pH value increased. As for the present study, the amino acid and ammonium ion concentrations were not measured; however, we inferred that the same type of phenomena might have occurred, specifically an increase in the ammonium ion concentration. The results of previous study [8] and the present study suggest that acid-neutralizing yeasts decompose amino acids into ammonium ions by an enzyme reaction, and then neutralize the acidic condition ( Figure 5 ). 
Conclusion
In conclusion, we isolated 26 strains of neutralizing yeast from neutral water environments. Of these, 10 strains elevated the pH of acidic casamino acid solution from 4.0 to approximately 8.0 in 72 h, and there were no significant differences in neutralizing ability among them. This study indicates that neutralizing yeasts exist widely in the neutral environment. The results presented in this study may further our understanding of the acid tolerance and neutralizing ability of yeasts.
